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Abstract
We determined stunting, wasting, and obesity frequencies in a total 1092 2-to-12 year old Baka Pygmy children from anthro-
pometric and health data gathered in 34 villages in the Djoum-Mintom region in southeastern Cameroon in four health campaigns
in 2010 and 2017–9. We compare these to the WHO Child Growth Standards, Amazonian Tsiname growth references for inter-
population comparisons and the study population itself. Population-specific growth charts were constructed using GAMLSS
modelling. Our results show that Baka children have one of the highest global rates of stunting relative to the WHO child growth
standard with 57.8% for 2-to-12 year olds and 64% and 73% for 2-to-4 year old girls and boys, respectively. Frequencies of
wasting, overweight, and low BMI were low at 3.4%, 4.6% and 4.3%, respectively, for 2-to-12 year olds. Underweight was at
25.5%, in the upper range for sub-Saharan Africa. Edemas indicated rare severe malnutrition (0.3%). Uncertainties in age
estimation had dramatic effects on the reliability of estimated individual z-scores but distributions of z-scores were robust at a
population level. In the context of the recent evidence for genetic adaptation of the Pygmies’ small stature to the tropical forest
environment we argue that WHO child standards for weight and BMI are applicable. However, standards for height are clearly
not adequate for Pygmy people. To achieve UN Sustainable Development Goals, we recommend that Pygmy specific growth
standards are developed for the various, genetically differing Pygmy tribes.
Keywords Indigenous peoples . Baka . Health .WHO child growth standards . Central Africa . Cameroon
Introduction
Malnutrition remains the gravest single threat to global public
health, accounting for about 45% of deaths in children
<5 years of age (WHO 2018). Sub-Saharan Africa has one
of the highest levels of child malnutrition globally (Akombi
et al. 2017). In this region, child mortality in part caused by
inadequate food intake is higher among indigenous and tribal
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peoples than in sympatric non-indigenous groups (Anderson
et al. 2016). Malnutrition refers to deficiencies, excesses, or
imbalances in a person’s intake of energy and/or nutrients.
The term malnutrition covers ‘undernutrition’—which in-
cludes stunting (low height for age), wasting (low weight for
height), underweight (low weight for age), micronutrient de-
ficiencies or insufficiencies (a lack of important vitamins and
minerals), and ‘overnutrition,’which includes overweight and
obesity. Factors affecting undernutrition are manifold, ulti-
mately determined by socioeconomic and political factors that
prolong poverty and social inequities (Pridmore and Carr-Hill
2011; Heaton et al. 2016). Growth failure leading to stunting
is the most prevalent type of undernutrition worldwide
(UNICEF et al. 2020). While short stature is not usually by
itself a problem, stunting increases morbidity and mortality,
risk of infection, and reduces and delays physical and cogni-
tive development resulting in low adult incomes and intergen-
erational transmission of poverty (reviewed in Prendergast
and Humphrey 2014). Overnutrition is a major cause of
noncommunicable diseases such as heart disease, stroke, dia-
betes, and cancer.
To improve maternal, infant and young child nutrition
worldwide, regional differences need to be identified
(Akombi et al. 2017). Appropriate diagnostic tools, such as
reference growth curves, are therefore essential to guide local,
national, and international health policies. In 2006, the WHO
Child Growth Standards were introduced for infants and chil-
dren from birth to 5 years of age (WHO Multicentre Growth
Reference Study Group 2006). These charts are based on data
gathered from healthy breastfed infants and young children
from widely diverse ethnic backgrounds and cultural settings
(Brazil, Ghana, India, Norway, Oman, and USA). Growth
curves for the 5 to 19 years age group, closely aligned with
the WHO Child Growth Standards at 5 years, were developed
in 2008 (Bloem 2007; de Onis et al. 2007).
WHO child growth charts are considered good models for
how children should grow in all countries and for all ethnici-
ties (WHOMulticentre Growth Reference Study Group 2006;
Bloem 2007; de Onis et al. 2007; de Onis 2008). These charts
follow a “biomedical approach” when interpreting growth
perturbations and small size (Schell and Magnus 2007). This
infers that small size is essentially a sign of poor health, inad-
equate nutrition, negative energy balance, or negative psycho-
social environment rather than a genetic, physiological or
ontogenic adaptation to environmental conditions (Schell
and Magnus 2007).
Deviations from WHO standards have been reported in
a number of national studies. For example, weights of
Canadian children differed significantly between mothers
of European ancestry and mothers of Asian/Pacific or
South Asian heritage regardless of feeding practice (Park
et al. 2017). Though not fully understood, such dissimilar-
ities are likely to be associated to genetic differences
within and between populations. Twin studies indicate that
about 80% of the variance in height is explained by genetic
factors (Jelenkovic et al. 2016) but genetics only
accounted for about 25% of the observed variance in a
study of European populations involving over 250,000 in-
dividuals, 17,500 sibling pairs (Robinson et al. 2015).
There is broad consensus for the absence of major genetic
differences in the average growth potential among human pop-
ulations (Stinson 2012; Natale and Rajagopalan 2014; NCD
Risk Factor Collaboration (NCD-RisC) 2016). Conversely, en-
vironmental and socioeconomic factors affect growth as dem-
onstrated by the widespread upturns in adult height in affluent
countries and more recently in developing countries, the so-
called secular trends, as living conditions have improved over
the last century (NCD Risk Factor Collaboration (NCD-RisC)
2016). A meta-analysis of over 11 million children aged
<5 years from 55 countries and ethnic groups showed that the
study means for height were generally within ±0.5 SD of the
means in WHO growth standards, except for taller European
populations and smaller populations in Saudi Arabia and Asian
Indians (Natale and Rajagopalan 2014). Despite these excep-
tions, the WHO and others (e.g., a recent editorial discussing
the observed differences of the above cited study on Canadian
children (Park et al. 2017)), state that WHO standards are ade-
quate and “suitable for everyone” (Ong 2017) and that “coun-
try- or race-specific growth references are not advised” (de Onis
2008). Since 2011, except for a few countries, theWHOgrowth
standards have been adopted worldwide (WHO Multicentre
Growth Reference Study Group 2006; de Onis et al. 2012).
Data on childhood growth and measurement of malnu-
trition levels are lacking for geographically restricted
rainforest hunter-gatherers in South America and Africa
(Stinson 2012; Natale and Rajagopalan 2014). These
groups exhibit large variations in stature but have charac-
teristically small body size (Stinson 1990, 2012; Natale
and Rajagopalan 2014; Urlacher et al. 2016; Olivero
et al. 2016; Blackwell et al. 2017). A study of children of
the Shuar of Ecuador and the Tsiname of Bolivia (Urlacher
et al. 2016; Blackwell et al. 2017; Martin et al. 2019)
found that using WHO standards stunting rates were
40%, corresponding to about the median stunting rates in
indigenous Amazonians (Foster et al. 2005). For
Amazonians in general, high rates of child stunting but
low rates of underweight (low weight for age) and wasting
are typical, suggesting the effect of shared environmental
challenges such as high heat, humidity, and pathogen den-
sity, and low food availability (Blackwell et al. 2017; Perry
and Verdu 2017). However, despite the fact that genetic
adaptation to tropical forest habitats has been extensively
considered (Schell and Magnus 2007; Urlacher et al.
2016), nutritional insufficiency and infectious disease are
generally suggested as being the main causes of small stat-
ure (Stinson 1990, 2012; Orr et al. 2001; Foster et al.
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2005). In the Tsimane study (Martin et al. 2019), the au-
thors suggest that WHO growth standards “remain ideal for
between-population comparisons and assessment of large-
scale health interventions” but should be used in combina-
tion with a population-specific growth reference
(Blackwell et al. 2017).
The characteristic average short stature of African
Pygmies1 native to the Congo Basin, is well documented.
Some authors suggest that these groups would not fit the
WHO growth standards, requiring population-specific refer-
ences or standards (Natale and Rajagopalan 2014). However,
growth studies of Pygmies are lacking due to the small and
scattered nature of their populations (Olivero et al. 2016) as
well as being complicated by issues such as inaccurate age
estimation (Diekmann et al. 2017). Only one study has mea-
sured growth patterns in a Southeastern Cameroonian Baka
Pygmy population in detail (Rozzi et al. 2015), describing
mean height-for-age z-scores that vary around −3 and mean
weight-for-age z-scores that fluctuate around −2 from the age
of 2 years to adulthood. How these results compare to
Amazonian or other indigenous populations is unclear as these
z-scores are based on French growth references rather than
WHO standards (Rozzi et al. 2015).
Unlike Amazonians, the short stature of African Pygmies is
known to have a substantial degree of genetic foundation
(Perry and Dominy 2009; Becker et al. 2011; Jarvis et al.
2012; Perry et al. 2014; Pemberton et al. 2018). Recent geno-
mic studies have shown positive selection for loci linked to the
Pygmy phenotype (Jarvis et al. 2012; Lachance et al. 2012;
Migliano et al. 2013; Amorim et al. 2015; Hsieh et al. 2016),
highlighting the importance of revisiting the interpretation of
small size for hunter-gatherers in tropical forests.
In this study, we use anthropometric and health data to
estimate stunting, wasting, and obesity frequencies for a large
sample of Baka Pygmy children living in southeastern
Cameroon. We expand on the previous study (Rozzi et al.
2015) by using the WHO Child Growth Standards to contrast
our results with published Amazonian Tsiname WHO Child
Growth Standard-referenced growth curves for inter-
population comparisons. We also develop a reference growth
curve for the studied Baka population for future population
monitoring.We selected Baka as a representative of aWestern
Pygmy group as part of a long-term project providing heath
and development support. Our analysis is important as the
Baka suffer from poorer health than sympatric peoples be-
cause of greater poverty and insufficient health care
(Anderson et al. 2016; The Lancet 2016). As a consequence
of these inequalities and typically prevalent infections of trop-
ical forest hunter-gatherers (Gurven et al. 2007) the average
life expectancy at birth of the Baka is 35 years of age com-
pared to neighboring Bantu populations who live about
22 years longer (Anderson et al. 2016).
Methods
Study Area and Data Collection
We monitored Baka children and adults during mobile clinics
in villages in the Dja et Lobo Department, southeastern
Cameroon. All study villages were located along the
Olounou-Djoum-Mintom road (Fig. 1).
The region is covered by tropical broadleaf humid forests
of the North-Western Congolian lowland forests ecoregion
(Dinerstein et al. 2017). A large proportion of these forests
are relatively intact primary vegetation just south of the Dja
Faunal Reserve, one of the most important conservation areas
in Cameroon and in Central Africa.
Although the Baka in this region lived a nomadic lifestyle
as hunter-gatherers, during the last 50 years some groups have
been sedenterized in roadside small townships and hamlets
(Fig. 1). Village Baka survive from hunting-gathering activi-
ties (wild meat and plants) from the surrounding forests and,
to a lesser extent, from growing subsistence crops. Most peo-
ple in the region are poor, but poverty levels are especially
severe amongst the Baka.
Clinics were run by a team of qualified medics (BPG,
AMC, CGS, CRLG, FLRS, HA, IAR, RSE), under the aus-
pices of Zerca y Lejos (ZyL). ZyL is a Spanish NGO that has
been active in all our study villages providing health and de-
velopment support since 2002 (Zerca y Lejos 2018).
1 Although numerous alternative terms to Pygmy have been used to refer the
rainforest hunter-gatherers of the Congo Basin, none have been agreed upon
by academics or the people themselves to replace it. Although some academics
and Central African government officers feel the term Pygmy is derogatory or
does not adequately represent the people, the term Pygmy sensu lato, to refer
to all hunter-gatherer groups in Central Africa, is widely used by a broad group
of people in Europe, Japan, the United States and Africa. Moreover,
International and local NGOs use the term in their titles or literature, e.g.,
Pygmy Survival Alliance, Forest Peoples’ Programme, Survival
International, Rainforest Foundation, Reseau Recherches Actions
Concerteees Pygmees, Centre d’Accompagnement des Autochtones
Pygmees et Minoritaires Vulnerables, and the Association for the
Development of Pygmy Peoples of Gabon. Congo Basin conservation groups,
such as World Wildlife Fund and Wildlife Conservation Society and interna-
tional human rights groups working in the region, such as UNICEF and
Integrated Regional Informaton Networks (IRIN), also regularly use the term
Pygmy in their literature.
We consider all groups under the umbrella of Pygmy as expressing an
equivalent spatial relationship between their presence and their immediate
environment. In so doing, we do not ignore the fact that various ‘Pygmy’
groups express distinct cultures and in some case ethnicity from other
‘Pygmy’ groups, and our use of the term is not meant in any way a disrespect
to the various ethnicities. Although it is likely that there may be cultural
reasons for geographical location and distribution, we argue that the ecological
setting is a primary driver in humans in choosing localities to live in. Ichikawa
(2014)14:332–3 – ‘The forest plants and animals provide the people with the
basis for their cultural identity. Their life and culture cannot be maintained
without the forest in its entirety… The destruction of the forest would result in
the deterioration of a culture that is heavily dependent on, and in very signif-
icant ways a part of, the Congo Basin rainforest.’
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Out of a total of 42 villages found in the study area (Fig. 1),
ranging in size from 25 to about 120 inhabitants, we visited 34
of these in four campaigns (all undertaken in February/March
each year) in 2010, 2017, 2018 and 2019. We sampled 21
villages in 2010 and 2017, 10 in 2018 and 11 in 2019; 18
villages were visited once, 7 twice, 5 three times, and 4 four
times. The 2018 and 2019 clinics focused on the same 10 vil-
lages. In 2018, we mapped all houses in these 10 villages and
identified the number of families and persons per family per
village. By comparing these population census data with the
number of people attending clinics, we estimated the represen-
tativeness of sample sizes for 2018. The 2010 and 2017–9
campaigns were independent from each other, but some per-
sons were examined more than once during the 2017–9 period.
Clinics were open to all villagers, who were encouraged to
attend even if they were not unwell. All attendees were given a
routine physical examination to check overall health and were
offered medications as required. For each person, we recorded
their village of residence, ethnicity (self-declared; Baka and
Bantu), name, sex, age (in months or years), weight (kg), and
height (cm), clinical data on hemoglobin levels, Hg (in g l−1)
and absence/presence of edema. Since official documentation
of identity and age was generally not available, we estimated
age in three-month intervals for babies up to 2 years old and in
years for all others. Mothers were asked for the age of their
children in years, since exact ages in months was not always
possible. We also crosschecked age estimations by dental
eruption, but this method only allows categorization in years.
Anthropometric measurements were taken according to in-
ternational recommendations. Infant length was measured
using a mobile Seca® 210 (graduation 5 mm) pediatric mea-
suring mat (Lohman et al. 1988). Child and adult standing
heights were measured barefoot to the nearest 0.1 cm using
a portable Seca® 213 stadiometer. Infant and child weights up
to 25 kg was measured with a suspended dial balance
(Kerbl®) to the nearest 0.1 kg. The scale was hung from a
wooden beam in one of the participants’ home. Child and
adult weights above 25 kg were measured to the nearest
0.1 kgwith a digital scale (Accuweight®) placed on an asphalt
surface to ensure no distortion. All measurements were taken
with the participants dressed in light clothing. Finger-prick
blood samples were obtained with a lancet after locally apply-
ing an antiseptic solution. The first blood drop was discarded.
Hemoglobin level was measured to the nearest 0.1 g/dL using
a portable system (HemoCue ® Hb 201+) previously calibrat-
ed following indications from the manufacturer. To avoid
measurement biases, we used the same equipment throughout
the study and calibrated the balances every year. All measure-
ments were taken by the same staff conducting the measure-
ments each year.
Statistical Analyses
The observed anthropometric measures HA, WA,WH and BA
were modelled using Generalized Additive Models for
Location Shape and Scale (GAMLSS) (Rigby and
Stasinopoulos 2005) using the R-package ‘gamlss’ 4.3.3
(http://www.gamlss.org/) (Stasinopoulos and Rigby 2007) in
R (R Foundation for Statistical Computing 2016). GAMLSS
was employed to create the WHO childhood growth standards
(de Onis et al. 2007) and the R-package replicated the WHO
modelling procedure as close as possible albeit modelling ages
of 0 to 29 in one approach (Urlacher et al. 2016) rather than
WHO’s modelling of the two age groups 0–5 years and 5–
19 years old separately. Modelling first fits a 4-parameter
Box–Cox power exponential (BCPE) distribution and then ap-
plies Generalized Akaike information criterion (GAIC) to esti-
mate the appropriate smoothing degrees of freedom. We used
the software’s default parameters for initial BCPE fitting except
for df(μ) = 4 instead of df(μ) = 14 to account for the smaller
sample size compared for the sample size for which gamlss
was developed (Urlacher et al. 2016). The final GAMLSS
Fig. 1 Map of the study area in Southeast Cameroon. Mapped are main towns (labelled) and the smaller Baka villages and hamlets (blue dots)
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parameters were then used to calculate centile tables and z-
scores for all individuals referenced to the sampling population
itself. Range and mean ± SD difference between observed and
simulated z-scores across all individuals and 100 simulations
was used to assess the effects of uncertainty in age measure-
ments on the estimation of z-scores. Each simulation randomly
assigned ages within each yearly birth cohort, followed by
growth modelling and calculation of z-scores.
Multiple regression analysis and ANOVA were performed
for the calculated z-scores as dependent variables and sam-
pling period (2010, 2017–2019), anemia and absence/
presence of edema as independent variables.
We calculated z-scores with reference to the WHO growth
standards and to the growth reference for the Tsimane people
applying the R package ‘localgrowth’ (https://github.com/
adblackwell/localgrowth) (Blackwell et al. 2017). Skewness
of the sample was statistically tested by a test for normality as
implemented in the R package “normtest” (Gavrilov and
Pusev 2015) with 10,000 Monte Carlo Simulations. Cut-off
criteria for z-scores for the identification of malnutrition in
individuals were two standard deviations (±2 SD) from the
median of the reference population for stunting (zHA ≤ −2
SD), wasting (zWH ≤ −2 SD), underweight (zWA ≤ −2 SD),
and overweight (zWA ≥ +2 SD) (World Health Organization
1995). Cut-off criteria for severe cases of these types of mal-
nutrition were three standard deviations (±3 SD).
Data are publicly available (Table S1).
Results
Weweighed and measured a total of 1917 persons of different
ages and ethnicities (551 in 2010, 515 in 2017, 553 in 2018
and 298 in 2019). The majority of participants were Baka (n =
1651 persons), 260 were Bantu, three from other ethnicities
and three undeclared. We examined a total of 191 persons in
more than one campaign. The analysis of growth characteris-
tics presented here focusses on anthropometric data for 1092
2-to-12 year old Baka children, which constitute the majority
of participants seen during all clinics (Table 1). A total of 117
of these were seen in two different years, but only the first year
was analyzed to avoid statistical biases.
Whilst in 2010 and 2017 we covered as many villages as
possible (34 of the 42 villages in the region) we focused on 10
core villages in 2018 and 2019 as part of a larger ongoing
project (Darwin Initiative n.d.). In total, 75% of the persons
reported to live in these 10 villages were sampled in 2018
(Table 2). In some villages, more persons were sampled than
residents, indicating that people from other villages also
attended the clinics. The 270 children aged 2–12 included in
this study correspond to approximately half of the number of
inhabitants, indicating a bias towards children.
We also included 95Baka babies up to 2 years old, as well as
156 persons aged between 12 and 29 years (Table 1) to avoid
edge effects of the fitted growth models for 2–12 year olds by
anchoring growth curves (Indrayan 2014) (Table 3; Fig. 2).
With the exception of WH above 140 cm, the growth curves
of boys and girls matched each other well. For all anthropomet-
rics, the percentages of individuals with z-scores ≤ −2 approx-
imated 2.3%, the theoretical expectation assuming normal dis-
tribution (HA: 2.38%,WA: 2.20%,WH: 2.75%, BMI: 2.66%).
The distribution of HA z-scores was not skewed (T = 0.12, p =
0.11, mode = −0.25, mean = −0.02) but small skews were ob-
served for WA (T = 0.32, p < 0.001, mode = −0.6, mean =
0.02), WH (T = -0.56, p = <0.001, mode = 0.09, mean = 0.16)
and BMI (T = 0.18, p = 0.017, mode = −0.10, mean = 0.03).
The assessment of the effects of the uncertainty in age clas-
sification by simulations indicates that observed and simulated
z-scores were on average very similar but variances were large
(HA: mean ± SD = 0.002 ± 0.26, range: −2.2 ⧿ 1.2; WA:
0.008 ± 0.8, −3.8 ⧿ 2.5; BA: 0.005 ± 1.56, −7.3 ⧿ 9.1).
No impact of sampling period on z-scores was observed for
HA (F = 0.28, df = 1083, p = 0.60) and WA (F = 2.51, df =
1083, p = 0.11), but the linear regression was significant for
WH (F = 7.25, df = 1083, p = 0.007) and BMI (F = 10.4, df =
1083, p = 0.001) (Fig. 3). Hemoglobin concentrations were
Table 1 Number of observations (left) and individuals sampled (right)
year gender 0–1 year 2–12 years 13–29 years ∑
2010 ♂ 32 / 32 240 / 240 0 / 0 272 / 272
♀ 37 / 37 220 / 220 0 / 0 257 / 257
∑ 69 / 69 460 / 460 0 / 0 529 / 529
2017–9 ♂ 10 / 19 405 / 340 63 / 53 478 / 403
♀ 17 / 16 344 / 292 124 / 203 485 / 411
∑ 27 / 26 749 / 632 187 / 156 963 / 814
total ♂ 42 / 42 645 / 580 63 / 53 750 / 675
♀ 54 / 53 564 / 512 124 / 103 742 / 668
∑ 96 / 95 1209 / 1092 187 / 156 1492 / 1343
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recorded in 296 children and these ranged between 5.4 and
15.2 (mean ± SD = 9.88 ± 1.65). The regression between Hg
and z-scores was not significant for any of the anthropomet-
rics (HA: F = 2.27, df = 294, p = 0.133; WA: F = 2.79, df =
294, p = 0.1; WH: F = 0.30, df = 294, p = 0.58; BMI: F =
1.13, df = 294, p = 0.29). Presence/absence of edema was
checked for 627 children; only two positive cases (0.3%) were
recorded.
WHO and Tsimane-derived z-scores across all Baka indi-
viduals were highly correlated with the z-scores calculated
using the Baka population itself for HA (rWHO vs Baka =
0.96, rTsiname vs Baka = 0.97), WA (rWHO vs Baka = 0.97,
rTsiname vs Baka = 0.98) and WH (rWHO vs Baka = 0.97,
rTsiname vs Baka = 0.96), but less so for BA (rWHO vs
Baka = −0.03, rTsiname vs Baka = 0.75) (Fig.4). The distribu-
tions of z-scores for WH and BA of Baka individuals are very
similar between the two scenarios of basing the z calculations
on WHO standards, the Tsimane reference population or the
Baka population itself. The Baka-derivedWH and BA density
distributions and means lie between the WHO and the
Tsimane means. The largest discrepancy is observed for HA
and the second largest forWA. In both cases,WHO-derived z-
scores show large shifts to negative values . The most extreme
prevalence of malnutrition, defined relative to the WHO child
growth standard, was observed for stunting at 57.8% followed
by wasting at 25.5% and less than 5% for underweight, obe-
sity and low BMI (Table 4). Stunting and wasting were lower
at approximately 10% each, when estimated against the
Tsiname reference population whilst underweight, overweight
and low BMI were between 5% and 7%. The simulation ex-
periments showed that the effects of uncertainty in age esti-
mation had only little impact on the prevalence ofmalnutrition
(Table 4). When the percentages of WHO-derived z-scores
that are ≤ − 2 between Baka and Tsimane for the age classes
2 to 5 years and 5 to 10 years are compared, the percentages
are consistently larger for Baka than for Tsimane for all pa-
rameters and age classes (Table 5).
Discussion
Methodological Limitations
Reliable age estimations are important for clinicians for
assessing child growth and for research in evolutionary an-
thropology. However, many hunter-gatherer societies do not
record age, and the absence of official birth records makes age
estimation problematic (Hill and Hurtado 2017; Diekmann
et al. 2017). Baka mothers visiting our clinics were in general
certain about the age of their children in terms of years but
were uncertain in terms of months and birth date. Recently, a
Bayesian approach was proposed for the accurate age estima-
tion requiring prior population information and the ranking of
individuals by age obtained from interviewingmembers of the
population (Diekmann et al. 2017). This avenue was not
Table 2 Characteristics of the ten
core villages sampled in 2018.
The numbers of houses, families
and persons were determined by
visits to all houses in the villages
and interviews with the household
elders
Village #
houses
#
families
#
persons
# persons
sampled
% of
total
2 to 12 year olds
sampled
% of
total
1 19 5 54 37 68.5 19 51.4
2 35 8 111 66 59.5 33 50.0
3 28 6 106 54 50.9 25 46.3
4 34 8 76 70 92.1 27 38.6
5 10 3 41 44 107.3 19 43.2
6 19 8 62 74 119.4 34 45.9
7 29 6 109 52 47.7 38 73.1
8 6 2 25 26 104.0 20 76.9
9 13 4 59 66 111.9 24 36.4
10 29 3 93 64 68.8 31 48.4
∑ 222 53 736 553 75.1 270 48.8
The number of persons sampled excludes incidences where persons visited the clinics repeatedly
Table 3 Generalized Akaike information criterion best-fit smoothing
parameters of the Box-Cox Power Exponential distributions for the
GAMLSS models
gender Age power transformation df(μ) df(σ) df(ν)
Height ♂ 1.0 5 3 1
♀ 1.0 4 1 1
Weight ♂ 1.0 5 1 1
♀ 0.95 9 2 0
BMI ♂ 0.45 5 1 1
♀ 0.95 10 2 1
WFH ♂ 1.3 5 3 1
♀ 1.0 14 2 1
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suitable for our study because a reliable ranking in a clinical
setting over several years is not feasible. Moreover, stature and
weight, the same parameters which we were analyzing, might
bias our age estimate and thus the prior ranking. Therefore, we
used Monte Carlo simulations to assess the impact of age un-
certainty on the calculated z-scores of individuals and the pop-
ulation. For individuals, the ranges of possible differences be-
tween observed and simulated z-scores was very high, indicat-
ing that the estimators for malnutrition can be completely
wrong in some cases. This highlights the need for additional
longitudinal studies for the construction of reliable reference
growth curves similar to the Tsimane and the Shuar (Urlacher
et al. 2016; Blackwell et al. 2017). At a population level, the
results were, however, robust. The simulations indicate the
ranges for the percentages of stunted and wasted children was
only between 2% and 3% and less than 1% for BMI.
An unbiased estimation of growth parameters for the pur-
pose of acting as growth references and for assessing popula-
tion health requires representative sampling. The sample cov-
erage of our study villages was high both in terms of the
number of villages sampled (34 out of the 42 in the region)
and the percentage of the population samples in our 10 core
villages. Our study is also robust in that we focused on general
health screening of children and adults and did not concentrate
on malnourished or sick individuals but specifically encour-
aged everybody to attend by involving the consent and sup-
port of the village heads, which is a widespread approach in
similar studies (Ramírez Rozzi et al. 2015). Although field
studies like ours cannot exclude sampling biases, the very
small observed skews in the Baka growth distributions indi-
cate that the sample is not biased towards malnourished indi-
viduals. Thus, sampling strategy and data both support a rea-
sonable representativeness of the study population to evaluate
the adequacy of the WHO standards for Pygmy populations.
Baka Growth Curves
The low WHO-referenced z-scores for height-for-age of 2–
12 year old Baka corresponds well with the low standing
height of Pygmy populations. Male mean standing height is
150.6 ± 6.7 cm across 23 Central African populations with the
Twa fromwestern DRC being the shortest (mean 142 cm) and
the Efe from eastern DRC being the tallest (mean 161 cm). In
our study, the same magnitude of z-scores as the previously
Fig. 2 Height per age (top) and
weight per height (bottom) in
Baka Pygmy children aged 2 to
12 years
Hum Ecol
published Baka data (Ramírez Rozzi et al. 2015) was ob-
served albeit they appear slightly smaller for weight (girls:
−1.5 ± 0.1, boys: −1.6 ± 0.2) and height (girls: −2.5 ± 0.2,
boys: −2.9 ± 0.3). In contrast to the previous study (Ramírez
Rozzi et al. 2015), but similar to the Amazonian Tsimane and
Shuar (Urlacher et al. 2016; Blackwell et al. 2017), there was
a pronounced decline of mean z-cores ≤ − 2 for both weight
and height in our study for the age class five-to-ten (Table 4).
The possible reasons for these discrepancies include secular
trends (the previous Baka study included data from the 1990s
(Ramírez Rozzi et al. 2015)) and differences between the
French (Sempé and Sempé 1971) and WHO growth curves,
which are not directly quantitatively comparable. That secular
trends are involved is supported by the differences observed
for the higher weight-for-height and BMI-for-age values be-
tween our more recent and the older sampling periods; no
increase was observed for height-for-age and weight-for-age.
Baka Health
Baka growth diverges substantially from WHO values in
height-for-age but is similar for BMI-for-age and weight-for-
height. Weight-for-age is intermediate as expected since this
parameter is impacted by both height-for-age and weight-for-
height. The stunting rate of 64% and 73% for 2-to-4 year old
girls and boys, respectively, is astonishingly high compared to
anywhere in the world, including sub-Saharan Africa, where
the rate was highest in Burundi, Eastern Africa with 57.7%
(Akombi et al. 2017). The Baka stunting rates are approxi-
mately twice as high compared to the rate of 32.5% reported
from the most recent Demographic and Health Survey (DHS)
for mainly non-Pygmy people from Cameroon, and to the
average of 28.8% (95% CI: 21.4–36.2) for Central African
countries (Akombi et al. 2017). Baka stunting exceeds the
rates observed in Tsimane and Shuar for both sexes and for
the two studied age classes 2-to-4 and 5-to-10 year olds, re-
spectively (Urlacher et al. 2016; Blackwell et al. 2017).
Wasting, however, is within the same range reported for
Cameroon (5.6%) and Central African countries (6.7%, 95%
CI: 4.2–9.2); the highest level of 18% was reported for Niger
(Akombi et al. 2017). Children aged 0–5 years from the eth-
nically diverse Bantu cluster in Cameroon exhibited 45.8%,
30.2% and 11.3% stunting, underweight and wasting, respec-
tively (Nagahori et al. 2017).
Fig. 3 Z-scores for yearly cohorts
between age 2 and 12 for boys (x)
and girls (o). Data were collected
in 2010 (blue) and in 2017 to
2019 (red)
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Environment Versus Genetics
However strong the link between high stunting rates and the
health gap in Baka, it does not explain how much of the
stunting rate is caused by health and environment. Pygmy
stature is well differentiated from their non-Pygmy neighbor-
ing populations. Adult Pygmies across 23 Central-African
populations have consistently smaller mean ± SD body size
(150.6 ± 6.7 cm) than non-Pygmy populations (167.3 ±
5.7 cm, n = 152 sub-Saharan populations) (Froment 1993).
In contrast to their non-Pygmy farming neighbors, non-
sedentarised Pygmy populations live mainly as hunter-
gatherers within the Congo Basin tropical rainforests
(Froment 1993; Hewlett 2014). These warm and moist envi-
ronmental conditions, and in particular high levels of patho-
gen exposure, have been suggested as causing adaptive pro-
cesses in Pygmy people in Africa (Perry and Dominy 2009;
Perry et al. 2014) as in indigenous Amazonians with a similar
lifestyle in South America (Urlacher et al. 2016). The similar-
ity in growth curves of the Baka, Shuar, and Tsimane suggests
a population genetic and phenotypic plasticity based on shared
environmental conditions, though the Baka have even higher
stunting rates. However, whilst it remains unknown whether
and to what extent Amazonian growth patterns have a genetic
Fig. 4 Density plots of Baka-,
Tsimane- and WHO-derived z-
scores for HA (top left), WA (top
right), WH (bottom left) and BA
(bottom right)
Table 4 Summary of
malnutrition in Baka children
aged 2 to 12 years. The
parameters wasting, stunting,
underweight, obesity and low
BMI are defined relative to WHO
growth standards and the Tsiname
reference population. A total of
100 simulations of the BAKA
population was conducted
Definition WHO growth standard Tsiname reference
Observed
[%]
Meansimulations ± SD,
Range [%]
Observed
[%]
Meansimulations ± SD,
range [%]
Stunting zHA ≤ −2 57.8 57.3 ± 0.06, 55.9–58.6 10.9 11.4 ± 0.005, 10.3–12.6
Underweight zWA ≤ −2 25.5 25.5 ± 0.005, 24.4–26.6 10.2 10.6 ± 0.004, 9.6–11.7
Wasting zWH ≤ −2 3.4 – 6.7 –
Overweight zWH ≥ 2 4.6 – 4.6 –
Low BMI zBA ≤ −2 4.3 4.3 ± 0.001, 4.0–4.7 7.0 7.1 ± 0.001, 6.9–7.4
First, each individual was assigned a random birth date within the respective birth cohort, second, z-scores were
calculated using the simulated birth dates, and, third, population malnutrition was then calculated
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explanation (Stinson 1990, 2012; Orr et al. 2001; Foster et al.
2005), the evidence for a genetic basis for the Pygmy pheno-
type is overwhelming.
Genome-wide DNA data indicate that the South African
and the Central African clades of hunter-gatherers, who
both split around 250,000–200,000 years ago from other
populations, represent the oldest known branches of mod-
ern human genetic variation (Lipson et al. 2020).
Notwithstanding genetic admixture with other populations,
modern Pygmy people retain much of this unique genetic
legacy (Lipson et al. 2020). Nuclear and mitochondrial
data from different population genetic marker systems in-
dicate that Central African hunter-gatherers and farmers
diverged from each other ~30,000–150,000 years ago,
whilst West- and East-Central African hunter-gatherer
populations separated ~25,000 years ago (Patin et al.
2009; Verdu et al. 2009; Batini et al. 2011; Hsieh et al.
2016; Lopez et al. 2018). Thus, African compared to
Amazonian hunter-gatherers have had much more time
for the selection of genetic adaptations to a tropical
rainforest environment to occur. A genome scan with
SNP markers identified one genomic region and eight
genes associated with hunter-gatherer/farmer status, and
24 genes associated with the height-related traits; many
of these genes have putative functions for the Pygmy phe-
notype (Pemberton et al. 2018). Several lines of evidence
support that these genetic foundations are the result of ad-
aptation to the particular environment. First, the Pygmy
phenotype evolved more than once independently from
each other. Signals of positive selection of loci nearby
genes involved in the Pygmy phenotype differ between
Western and Eastern Central African Pygmy populations
(Perry et al. 2014). This corresponds with different growth
dynamics of Pygmy people from these locations (Rozzi
et al. 2015). Second, several recent studies evidenced
positive selection for loci linked to the Pygmy phenotype
(Jarvis et al. 2012; Lachance et al. 2012; Migliano et al.
2013; Amorim et al. 2015; Hsieh et al. 2016).
One Growth Standard for Size Fits all?
We emphasize that using the WHO growth curves as refer-
ences is ideal for comparing populations, identifying secular
trends within populations and to characterize growth patterns
in relation to environmental and health parameters. Applying
WHO references greatly improves the comparison of data
from different populations, such as in the case of the
Tsimane and Shuar (Urlacher et al. 2016; Blackwell et al.
2017). Applying growth references that are rarely used else-
where, as in the case of French growth standards applied to the
Baka (Ramírez Rozzi et al. 2015), does not facilitate the com-
parison of results. Besides their use as references, WHO
growth curves are also being vehemently defended as growth
standards regardless of ethnicity with the explicit aim to gear
health interventions and policies towards achieving these ide-
alized growth standards (WHO Multicentre Growth
Reference Study Group 2006; de Onis 2008; de Onis et al.
2012; Ong 2017). There is, of course, a logistic and economic
imperative in applying the same child growth standards and to
aim for the same model for optimal growth independently of
ethnicity (de Onis 2008; de Onis et al. 2012). A number of
studies have already argued that the WHO growth charts do
not perfectly fit all combinations of ethnic/socioeconomic
background and ongoing secular trends, and no reference pop-
ulation or growth standard can provide an optimal statistical fit
(Ong 2017).
Whilst it cannot be excluded that small statures and high
stunting rates of Amazonian populations are mainly a conse-
quence of environmental and health-related factors rather than
genetics (Walker et al. 2006; Urlacher et al. 2016; Blackwell
Table 5 Sample sizes, mean z-scores and percent of z-scores ≤ − 2 relative toWHO standards for Baka from this study and for the Amazonian Tsimane
(Tsi) people (Blackwell et al. 2017)
girls boys
Age (years) Baka Baka Baka Tsi Baka Baka Baka Tsi
parameter n mean±SDa z % z ≤ −2 % z ≤ −2 n mean±SDa z % z ≤ −2 % z ≤ −2
Height-for- age (HA) ≥2, <5 230 −2.5 ± 0.2 64.4 54.6 245 −2.9 ± 0.3 73.1 55.7
≥5, <10 224 −1.7 ± 0.5 41.0 38.7 260 −2.1 ± 0.3 51.2 42.5
Weight-for- age (WA) ≥2, <5 230 −1.5 ± 0.1 30.9 14.2 245 −1.6 ± 0.2 37.1 14.1
≥5, <10 224 −1.2 ± 0.4 18.3 12.0 260 −1.5 ± 0.1 29.2 13.6
BMI-for- age (BA) ≥2, <5 230 0.3 ± 0.3 4.8 2.2 245 0.6 ± 0.2 4.1 0.62
≥5, <10 224 0 ± 0.3 1.8 0.6 260 −0.1 ± 0.4 5.8 0.36
Weight-for- height (WH) ≥2, <5 230 0.1 ± 0.3 5.7 2.4 245 0.2 ± 0.1 4.90 0.52
≥5, <10 181 0.1 ± 0.2 1.7 1.4 223 0.3 ± 0.2 4.04 0.61
As the respective table for Tsimane refers only to 2 to 10 year olds, we present here also only Baka children less than 10 years old
a : means ±SD over yearly cohorts
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et al. 2017), the genetic data and in particular the evidence for
genetic adaptation to the environment of Pygmy populations
highlight that the genetic foundation of growth variability
must be considered alongside environmental factors for
interpreting child growth. Future studies need to ascertain
the relative impact of genetic versus environmental factors in
Baka and other Pygmy populations.
Small indigenous populations are neither represented in the
populations used to develop the UN growth standard nor are
they adequately represented in research on children’s growth.
Where studies exist, they show that indigenous child growth
patterns differ substantially from those of Western children
including Amazonian populations, African pastoralists,
African Pygmy populations, and populations from tropical
Asia and Australia (Bailey 1991; Ulijaszek et al. 1995;
Henneberg et al. 2001; Gray et al. 2004; Walker et al. 2006;
Urlacher et al. 2016; Blackwell et al. 2017).
Implications
Our results strongly indicate that the WHO growth standard
height-for-age is inadequate for the studied Baka Pygmy pop-
ulation and that the development of an adequate standard is
required. Baka are a representative group of the Western
Central African Pygmy populations, which are genetically
differentiated from the Eastern Central African Pygmy popu-
lations and who have different growth dynamics (Perry et al.
2014; Ramírez Rozzi et al. 2015). Future work needs to eval-
uate these Eastern populations.
As neither our study nor the previous one on Baka, nor the
studies on the Tsimane, demonstrate a deviation of the stan-
dards for weight-for-height and BMI-for-age, these should
continue to be used. Our advice is to use only weight-for-
height and BMI-for-age relative to the WHO standard as di-
agnostic tools. The height-for-age parameter related to a local
reference is still useful to identify the most vulnerable children
at risk for disease and malnutrition, whether -2z or any other
adequate percentage or quantile but only if it is carefully
interpreted alongside other individual health data.
Without a proper standard or with a biased standard, the
most-often applied and normally powerful parameter height-
for-age will leave the clinician without the background infor-
mation needed to interpret these data (Ong 2017). Because
stunting is used as a marker to identify malnutrition on a
personal level and to quantify the prevalence of malnutrition
on a population level, failure to distinguish between genetical-
ly determined short stature and nutrition-based linear growth
failure renders stunting inadequate as a diagnostic tool. At this
stage we neither know the growth potential under optimal
nutritional conditions nor how much of the observed small
stature is caused by malnutrition in Baka children. As a result,
it is difficult to propose adequately targeted individual health
care or clear national and international health policies for this
ethnic group. At an individual level, the wrong application of
the WHO size standards opens the door for misinterpretations
by health practitioners and parents. Applying the size standard
could stigmatize almost two-thirds of the population that they
or their children are too small, representing abnormal growth,
and as a result mistaken or unnecessary solutions such as
supplementary feeding and hormone treatments prescribed.
Applying only a local reference, which is not developed to
function as a standard, bears the danger that undernutrition
is normalizing poor growth as the socially accepted standard.
At a population level the current data on stunting and wasting
in Baka are insufficient to provide meaningful information for
achieving the UN Sustainable Development Goals for these
peoples, not to mention other Pygmy populations which are
even more data deficient.
Considering that the central African region is under se-
vere socioeconomic pressures and is affected by numerous
politico-religious crises, armed conflicts, and population
displacements, health care and sustainable development
are often severely compromised. Malnutrition not only im-
pacts stunting in Baka, albeit the degree remains unknown,
but also the decline of adult BMI over age, which is in
contrast to all non-Pygmy sympatric populations (Funk
et al. 2020), thus contributing to the observed dramatically
different life expectancy rate between Pygmy and neigh-
boring Bantu populations (Anderson et al. 2016). There is
therefore a need for more investments to improve the
health of individuals and populations, as shown by the
concerted efforts to provide optimal health care and reduce
acute malnutrition in Central Africa (Ndzo and Jackson
2018). These laudable attempts could be disastrously
undermined if misguided advice is given based on wrong
growth standards.
Any ethnicity-based consideration for health care must be
done with utmost concern for the highest ethical and moral
standards, especially in ethnically diverse regions where eth-
nicity has played such a large role in human armed conflicts
and persecutions. The resistance to acknowledge ethnicity as a
parameter for developing ethnicity-based growth standards
and promoting a universal standard might reflect concerns
about ethical principles in health care and the never-
mentioned ‘elephant in the room’ – racism. Alleged genetic
differences between human groups has been severely misused
in the past and the consideration of such differences has pro-
voked strong ethical concerns (Winegard et al. 2017).
However, theWHO size standards produce so vastly exagger-
ated stunting values and may also bias other estimates of mal-
nutrition that their application in Pygmy populations is not
only obsolete but might be counterproductive. If we are not
to fail these already disadvantaged groups of people (Ohenjo
et al. 2006; Anderson et al. 2016; Akombi et al. 2017), we
need to act now to provide baseline data to evaluate children’s
growth based on standards specific to their ethnic background.
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